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aiithorizations

Project. No. TBL<621

;DékuPriorityr © 16

Project Title: Adhesive

Ordnance Research and Development'Division, ORDTB

Threaded Metal Parts)

PICATINNY ARSENAL

>

Report. 'No, 2

and Sealer Problems (Polyester Sealets for

‘OBJECT ‘

S0

To develop a séries of sealers of varylng strengths for use in fastenlng
ftogether tbreaded metal parta.

SUMMARI

A series of sealers has been déveloped for fastening threaded metal parts
togéther. It appears that thesé sealers will be widely usable in place of set-
screws, lock washers; staking, and other techniques and devices for preventing
the unscrewing of dssembled parts. The sealers are unaffected, or only modérately :
N affevced by moisture, temperature changes from - 50F to %160°F, and. vibration, but f
: the sealer can bé chosen so that. substguent unscrew1ng and disassembly will 'be

poss1ble at praotica_ly any spec1flc torque which is desired. The sealers set at.
room tenperature in about 3 to %4 hours. 41Y materials used are comuercially avail~ -
° able. ' : '

o CONGLUSION

"S¢ven polyester and polyes ter/plasticizer com0051tionSrprov1de thread sedlers

With these sealers, parts
any desired lesser degree
a féw hours and show g0od;
and wvibration conditions,

. - by which threadéd parts can be sealed together with a variety:of degrees of strengths.

can: be held together wlth great firmnéss or with practically
of firmnéss. The sealers harden at room Lemperature, within
retention of properties under extreme temperature, humidity,

. It would appear that these :sealers. w1ll have a wide utility
Yoo An @rdnance appllcatlons. .

Slnce these sealers will not harden in contact with capper, brass, or lead or in
contact. with rubber compositioris which contain sulfur, the sealers must be used between
L “surfaces which do not con51st of these matorlals.,

' y . RECONMI{\TDAI‘IOI\:S

e ) 1, It is recommended that these sealeérs be used for fastenlng together threadeﬂ ,
S metal parts in general accordance with tke information provided in this report. uppendlx,
1 contains condensed 1nfbrmat10n(xxthe sélection, appllcatlon, and use of sealers, this |

‘ Appendik belng sp901flcally intended as .4 brief mamual on these materials for the use of .
U S de31gn englneers. .

"2, It is reﬁommended that a speclflcatlon for these materlals be. prepsred,

. <~
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l. Thls investigation was undertaken in an effort to develop an improved -
method for fastening threaded parts together securely. Setscrews, lock washers,
and staking have been widely employed for this purpose in the past. Setscrews

_and lock washers are not applicable in all instances because of gpace limitatiors

and 1nacce351b111ty.. Staking is permanent but‘must be skillfully done and will

7 not. permit :subsequent dlsassenbly if the néed arises,

2. Accordingly, it could be foreseen that a llquld sealer or a series of

‘.llquld sealers would have many -useful apollcatlons. Preferably, the sealers in

the series should vary in strength so that the torque required for subsequent
dlsassembly could be chosen at will,

| met:ms: ;

" 3: The resul%s on the study of polyester comp051t10ns as thread seallng

materials are recorded in Tables 1 to 9, inclusive. Figures 1 to 9 presént the
.same data. in the form of graphsl Results obtained can be stmmarized as follows:

a. Effect of type of re51n-Polyester A (rlgld type) produced a higher
torque than did Polyester B (fiexible type) Torques of approxlmateLy 450 ft-1bs
were produced with Polyester A on l-inch-=diameter bolté, and torqueés of’ about
240 ft—lbs were produ¢ed by Polyester B; These data are shown in Table 1,

b: Effect of catalyst--Varying concentrations of catalyst from #% to 4%
did not apprecmably alter subsequent torque. These data are shown in Table 2, and
in Flgure l

c. Polyesters modified with liguid polybutadlene—-Polyesters modlfled
with liquid polybutadiene produced appreciably lower torgues than unmodi-fied
polyesters. This was true for both the rigid and flexible type polyesters, The
de¢rease in tordque was most marked at low .concentrations of polybutadlene, -con-
centrations above 1% produclng proportlonately Jess reuuctlon in torque. This is
shown 4n Tdbles 3 and L, and in Figures. 2 and 3.

d. Po yesters plasticized ‘with dlmethvl phthalate—-Dlmethyl phthalate as
a plasticizer was relatively incffective with Polyéster A but was very effective in
reducing the torque produced by Polyeste B. One to five percent dimethyl phthalate
incorporated with Polyester A did not produce much degrease in subsequent torgue,
although 10% or more dlmethyl phthalate did produce an appreciable decrease., The
above data aré shown in Table 54 and in Figures L and 5.

e, Polybutadlene as compared w1th dimethyl phthalate—-Polybutadlene is

more effective in reducing torque than is dimethyl phthalate. For any given con-

centratlon, polybutadlene produced a greater drop in torque than did the dlmethyl
phthalate, This is shown in Figure 7,

z T B e
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f Polyesters plesticized with ethyl lactiate - The behavior of ethyl
lactite ag a plasticizer is similar vo LHATG oFf dimethyl phthalgte. Ethyl
lactate employed with Polyester B effectively decreaged torque; whereas; ethyl .
lactate with Polyester A wes reolatively ineffective at. percentages less tham
: about 10%. .This is shown 4n Table 9-

g. Polyesters f*lled Wwith carboa black - Concentrations of 1/2% angd. 1%
carbon black with either Polyester A or B failed to lower torque. Thig is
"shown in Table 8. .

h. The éffect of bolt dlameter on torque Fesistance - For any given
resin, the- torque on & 1-inch- diagieter bolt is greater than on & 1/2-inch-
'diamater boit. Inmgeneral, +the iricreasé in torque is approximately ‘proportion-
al o the Incroasd i the exposed seaTing area and the increased moment a¥m.
'-‘I’h&s is showir “1n Figure 8.

OB nr

i. Effect of yibravidng - Vibrating bolte initially at -65°F and at f160°F
“aid not -appreciably ‘alter the torgque of any of the four compositions, i.e.,
" pure Polyester A, pure Polyester B, Polyester B plus 10% dimethyl phthalate,
and Polyester B plus 10% polybutadigne. The résults 9f the vibration tests
are shown: 4n Teble 6 and in Figure 9, . C ot

-

J. Effect of low and high teuperature on toraque - Asseiblies testsd at
-65°F‘produced higher torque ‘than did assemblles tested at room temperature,
wheresas, agsenbliss vested at { 160°F produced lower torques. The results

' of high and low temperature tésts are shown in Tables 5 B and C and in,
. Filgure.6.

k. Effect of température cycling - ‘When boltg sealed with the compositions
1isted under "Bffect of vibration’ were subjected to temperature cycling between
65°F and £ 160°F, the torques obtained were essentially the ssme as for the
uncycled samples. This is showir In Table ' and Figure 9.

DISCUSSION OF- RESULWS'

e

L. Among the; various materials available for examination as thread seslérs,
‘polyesters possess .séveral advantdges. In particular, polyesters are avallable
which a¥e thermosetting at room temperature, &nd polyesters are known to be
‘reletively stable in properties under the sdverse conditions of storage to which
completed Ordnance itenms-are often exposed. In addition, polyesters are avail-
able’ﬁith a wi&e'range of properties.

). Briefly stated,polyesters are condensation products resulting from the
reaétion of polybasic acids and polyhydroxy alcohols with consequent élimination |
‘of water. The reaction of a saturated dibasic acid and a saturated dihydric
aléshol will yield a linear polymer. Since there are no unsaturated groups in
the chain, subsequent crsgs<linking is not possible and, thus, the polymer is |
permanently thermoplastic. However, the most widely used polyesters contein a 1
significant portion of malic a¢id or some. obher constituent which has an éthyl-
enic bon& after .condensation.
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to Incregse torqué and would, if anything, result in separation of the gealer

6. To this linear, partially unsaturatea polyester, is added a vinyl
monomer of soms syrt; gonerally styrene, "The principal purpose 5f ths
styrene 1s to convert ‘the original polyester into & cross-linked, three-
dimensional, thérmoset polymer. This convérsion takes place only after
addition of persxide catalyst to the polyester/styrene mixture: Incis
dentally, the monomeric styrene serves two other useful purposes: (1) the .
gtyrene ‘reduces the ¢ost of the final polyester, and (2\ the styrene lowers
the viscosity of the mixture previous to final polymerization. During the
finsl polymerization-cross =1inking between the original unsaturated polyester
and the styrene - the Peéaction involvés ohly molecular addition, and there is
no .eliminegtion of water. Ascordingly, polyesters differ significantly from
other thermosetting résing; #uch as the jphénolics; In that the latver resins

cure by pondensation, thereby 1iberating water which, thus, demands high
temperatures and pregsures. ,

NE A1l polyesters follow 'a general pati

ern during the final curing or
polymerizat*on process.,

The liquid polyester is first converted to & gel.

‘Gélation: i then almost immediately f51lowed by further polymerization to the L i

finel 1infusible solid.. It is during thé last -gtages of polymerization that
&ll the "ultimate physical properties of the pdlysster are developed.

8. Most°po§jeetersmcggibe'eure&-et'room temperatures in a relatively short
time. The-rosiné used in this investigation generally cured within three to
four hours when catalyzed with 1% methyl ethyl ketone peroxide by weight.

9. Thus far, the discussion lias consisied of a brief description of
polyesters in general. The main objective of' this investigation, however; has

been the selection of & material capable of mechanically sedling threaded parts
together. .

10.Two possible mechanisms are immediately apparent by which polyesters
might provide the binding action which is observed. In the first rlace, the
polyésters might bind the bolts in place by the adhesive action of the polymers.
In the mecond place, the polyesters might bind the bolts in place simply by
filling”and obestructing the threads. On the basis of observations to date, it
i1s: bemieVed‘that the first of these pogsibie mechanisms plays only a minor part

4n the chserved performance and that the binding action is probably due princi-
pally to the second mschanism°

11.The first mechanism ‘8eems 1mprobabie because polyesters have relatively
poor adhesion “to- steel9 In addition, lower temperatures would not be expected

from the'meta1=and; heﬁcey-woﬁld result in lesser torque.

12.If, on thé other hand, the polyester simply fills and obstructs the.
threads, the*reststiug torque which Yesults would be a function of a great |-
meny variables, most of which so far have not_been»measgred, ‘but which would
include the shear strefigth of the polyester. As far as the available data go,

9
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gsignificant variables.

" characteristics whith is intrsduced by adding plasticizer.

the torque.

the datn are corsistent w: h-*his‘explunation §inge the higher Btrength.
poiyesters h&ve produced . the greater binding torques. As & result, this is
& tenablé explanation for the mechanism involved even though the data col-
lected are insufficient to prove ‘that this is unguestionsbly the mechanism
which & involved or that this 18 the é5le mechanisni.

13. ‘The. observed variation in torque with variation on bolt diameter

'provides T indication of the machanisin by which torque resistanpe is pro-
ducéd because the variation sbserved is in accord with expectations in

either cage. Whether produced by shear strength of the polyester or by

would be éxpscted to be proportional to the area of
sealer &nd to “the moment arm 5f that area about the ceénter of rotation.
Teking thesé into coneideration, the torque resistunce prsduced in l-iich
FtamsEst bolts would be gxpected to ‘be, about eight times that produccd on

1/2 inch diumeter bolte: Observed. torque values are very ¢loge on this
ratis. .

1k, From the foregoing investigations of polyester sealers applied to
bolts, it is apparent that theé torgpe produced is determined by several
These variables include both the characteristics
of the msterial which is used as sealer &nd thé characteristics of the bolt

_ and threads‘which are being §8a%ed.

15, The relevant properties of the material uged as ‘sealer depend on
the properties*of the- cured polymer itself and upon the modification in
The relevant
properties 5f the bolt and thread gystem consigt of the Polldwing: (a)
diemeter :of thé bolt, (b) class of threads, (c) type of thremds, (4) knicks.

and irregularities that ars found in threads: die to machining, and (&) the

contour-and other dimensional characteristics of any threaded piece.
16, Bffect of catalyst.
catalysts are used.

such: as peroxides.

- To initiate the final polywmerization or cure,
“These are usually of the free radical ‘vroducing type,
The catalyst, to some degree, contributes to the ulti-

mate property of “the final resin by virtue of ite ability to control chain

length.- In this study,. effect of catalyst concentrations was investigated
using concentratisns of 1/4%. to 4%, by wéight. TFor all practical purposes
it cdan be concluded that catalyst -.concentratisns will not appreciably alter

-

17. Effect of propertiss 5f the sealer - It was mentioned sbove that
the torque produced seems 4o bve ainly due bto mechanical obstruction of the
threads. Consequently, it follows that & resin ‘having ‘high méchenical
strength under conpressive and shear stresses will produce high torque
values.  This was found to be the case, since resing ranging from the most
rigid to the most flexible. yielded torques of decreasing magnﬂtude with
decreaging rigidity, with polymers of this sort compressive and shear
strengths. genéerally decrease with decreasing rigidity and hardnpgs. It will
be. seen—that rigidity and hardness in thenselves probably have no effect on

'the torque which is produced, but these two properties simply parallel

10
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Accordingly, 1t is not surprising to observe that decresse of torque is not
& linear*funcbron of decreaae in*rigidity° Actually there seems %o be &
sharp: drop in torque &t the £irst decrease in rigidity. The most marked
drop in torque usually coincides with the fiFst small percentage addition
of poiy vtadiene or dimethyl phthalate, ‘88 ‘shown in Figures 2 %o 5 inclusive.

18, The use of plasticizers - An avowed obiective of this viork wes
provigion of & series of sealers such thet bolss could be fastened in place
with various degrees o5f firmness and torque resistsnce:. ‘Tkis has regulted
in the specifying of seven sealer compositiens to provide torque resistaice
fron very high to very low. It would probably have. been possible o locate
seven different polyesUers, of apprapria‘t.-“‘*r verying strengths, to cover
thisi rangs. However, essentially the same could be. accomplished by using
fewer polyesters but iiodifying these with added plasticizer. The advantages
in procurement storege, and utilization seemed in favor of few polyesters

with modification by varying percents of one plasticizer.

19 It should bte pointed out thet plasticizers are generally gdded to
polymers to increase toughness: and/er flexibility, and the concomitant
decrease invstrength ig accepted'as ah unavoidable ‘simultanesus effect. On
‘the other hend, in the case of these sealers, plasticizers were #dded de-
liberateiy'for the purpose of weekening the polymer.

20.- When'pelybutudiene was used as the plasticizer, it worked well
with either the rigid or the flexible resin. IV is conceivable that the

.addition of polybutadiene sérved not only a8 a weak filler inh the mechanical

gense but also to somé small degree as an unsaturated compound capable of

\'entering ifito the polymerization reacticn. Apparently, in the curing re-

ac¢tion, the polybutadiene modified the properties of the pure resin into &
mater ial that was weakened by introducing e longer chain cross—linking agent.

21. msthyl phfhnlate and ethyl 1actate similarly weukened the polymer,
but only in the case of the flexibdle type resin. Both of these mnterials
are plasticizers capable only of plasticizing cortain polymers.. Polyester B
is believed to be derived froa adipic acid while, on the other hand the
rigid type polyester is believed to be derived from phthalic acid, and, in
generxl, ‘polymers derived from phthalic acid seem 19 be less capable of
plasticization thén thosge derivéd from aliphatic acids. Accordingly, it is
postulated that in the case of polybutadiene, this waterisl produces weaken-
ing by copolymerizauion with the polyester %o a limited degree, whereas, in

as p1asticizers.

22. Diameter of bolts ~ It is to be éxpected that increasing the
diameter of the bolt Wwill increase the torque required to brésk the seal
and initiate unscrewing, both because increasing the .diameter increasés thé
area of sealer and alsa because increasing the dianmeter increases the moment
arm by which the se#led area resists turning. :

1 .
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varying frou the mosv loose fit or Class 1 to the most tight £it or
" Class Lk 5p 5,
¢lasgsés were not tried.
'valid for .Clasg 2 fits and would have to be modified in conmectivn with

'usually éncountered in large production wdrk where speed ig of prime im-

affecting initial torgue.

" when expoged to low temperatures, 'such as “-65%F, become. increasingly

23. Clags of threads - Most common threads are produced in classes

Clags. 2 threads: were used: in this investiga :ion eniiabher
Accerdingly, theae resultes #nd conclusions. .are

other fits in accordance with subsequent investigamtions. Clags 1. 18

pertance. Classes 2 and up &re usually ugsd in those types of work. where

2k, Type of threasds - The typs of thread refers to the number of
threads per inch. As stated in most thresd circulars, two types.are
accepted~ namely, Natienal Coarse and Natienal Fine, the latter having
iore threads per inch. National Coarse thréads werse used in these ex~
periments. Accordingly, the results and cenclusiens aré valid in detail
f£or thig type of thread and may have %o be modifiéd on the vasis of ex-
periments with National Finé threads.

25. Up to this point the discussion has consisted of the variables
Other factors cén alsp affect retention of
torque resistance and hence would affect. durability as distinct from
initial e*rength Thése factors censist of varisbles such &8 weather,
temperature, vibration, -etc.

26, Effect of Tow and high temperatures - Most polymeric materials,

gtrong &8 well .as inciedsingly hard @nd brittle, Accerdingly, a8 would

be expected higher torque resistance wag observed at Low temperatures

Als>, it will be observed that at low temperatures 211 the polymeric

cempesitions evaluated tended to appreach the wame torque resiatance ..

- 4

2T. At'the other end of the scale, most pelymeric materiale, when

expesed to higher temperatures, such ag 160°F, tend to become weaker and S
:sefter. Tnig i8 definitely the case for thermeplastic materisls, and to .
3 1esser degree ig also true of thermosetting mnterials, ‘the degree of .
weakening -depending upon the chemical constitutidn of the pelymer. Since -
the polyesters considered in this tnvestigatien aye thermosetting, re-

ductien'ef stregs will not be extréme. As a result, the tsrque obtained

at 160°F for any given bolt ahd resin was appreciably lower then .at room

temperature but was not so low as Wwould be expected if a thermoplastic : s
material had been used. . . o s

[

FRLS

28, It wa® Observed that as the temperature increaged, the repreduci-
bility of torque values decreased &s is ghown in Tables 10 and 11, Since
terqpe is produced partly by mechanical irregularities even in the absence
5f any sealer, this observed increase in erraticness may be partly dus- to
the :increasing dominéuce: 5f mschanical irregularities in torque preductien

as the sealer becomes less imporiant.
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29 Effect of vlbratlon;
polyester Disces of the rigid type to erack,
is éncountered in many thréad appiications,

Severeé v1bratlons can in many 1nstances cause
Since vibration of one férm or unother

this ‘condition was 1nvesr.1gateao

As

discussed above undér the "Effect of High and Low Teniperatures™,

it is clearly seeéit

. tageous effect of vibrations, the bolts were vibrated at extreme 1n1tial tempera-

~resin tends to. bécoené hard and brittile

i
|
I
é
%i
!

" approximately 50% of the unireated bolt.

be totally~ unalrected

_ curing -of polyesters..

many types

that éxtreme temperatures can alter the physical strength of most polymerlc materials.
In order to combine the most disadvantageous temperature condltlon with the disadvan-
tures with grddudl return to equlllbrlum or room temperapures., Since at—65°E the.
it ‘would seem that severe vibration at low
temperatiré would have more of a detrlmental effect. on the resin than if severely

vibpated at room temperatures, Accordlngly, two sets of boits were vibrahed, one
initially at -659F and the other initially at 160°F. Further, four resin compOsltlonb
were studled to determlne which would be more affected under such adverse condltlons,

30.  Within experimental limits and for all practical purposes, it can be stated
that adverse conditions of continuous vibratioh do not generally alter the torque for-
any given bolt and resin appréciably. However, this is nét the case for the resin com—
pcsition con31st1ng of flexibié polyester plus 10% polybutadiene. For this comp051t1on,
it was obsérved that vibration at either extreme temperature reduced the torque by

31, Effect of temperature cycling== 5inéé man;- threaded parts .are °xposed to varylng
conditions of weathering, a’'series of bolts: sealed with four different resin compositions
was subgected to temperature cy¢ling, consisting essentlally of exposing the bolts to
=4650F for 8 hours followed immediately by 160°%F and 90% R.H. for 16 hours, This was
repeated for- a period of six days. Urider such. adverse conditionis' the bolts were found to

o om

22, QContaminants-- One precaution must be kept I mind in connection with +the

Thesé materials will not cure along surfaces which are in contact
with copper, brass, or lead or in contact with rubber compositions which contain sulfur..
Accordn.ngly, the sealers Wwould not cure if used with brass bolts. If,
dr lead washérs weré used in conaunctlon with steel bolts, the polyester would remain

sticky and would not ‘cure where in contact with the washer', but would be expected t.o: cure

: normally in the threads slightly removed firom the washer.

33. arx—- It has beén found that polyesters provide remarkable and Controllable
reslstance to torque 1n thréaded parts. It seemis that this application of polyesters
can eliminate the use of self—locklng threads, washers and other mechahical devices' ik
of assemblies. The stronger polyesters produce very high torque, maklng the

1v-diameter bolt very difficult. In some intended applications this is
whlle in “Bthers a somewhat differert result fay be preferables Coﬂslderlng
appllcatlon, it may be desired that a threaded part be <apable of w1thstand1ng
specified torque, but be capable .of unscrewing undér a scuewhat higher torquep

removal of a
de51rable,
a specific
a limited,

Such an appllcatlon might occur in any machine assembly, in which the sealer would pre-
vent. loosening from vibration but would permit unscrewing under the aection of a wrench .
‘The degree of terque resistance required can be obtalned by vsrylng the compo31t1on of the

polyester sealer. i
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EXPERIMENTAL PROCEDURE:

3k, Re3¢n preparat1on——Essent1ally, the procedure of préparing the resins consisted
in mixing the pure resin and thé catalyst by hand—st.lrr:.ng° All resinsz were catalyzed
w1th 1% methyl ethyl ketone perox1de, which is the percentage by welght of the resin
or in some cases. of the totalnwelght of the resin polybutadiene, etc. All percentages
recorded aré 6n-a weight. basis: .

7

35 Resin applloatlon~—Appllcatlon of resin to bolts was accompllshed by spread»
ing the resin onto thé bolts by means of a brush. In sorne casés, dlpplng the threadeqd
ends <f the bolts inte a beaker of .resin was also used, Thé nuts were screwed onto
the bo]ts until the end of the scréw and the lower face of thé nut were flush Bolts
were than allowed to stand at room temperature for at least -one day before any test-
1ng was -conducted. ; . &

36 High and low temperature testing--Bolts that were dubjected to high and to
low temperature were stored ‘at the résbective temperatures for a. perlod of 24 hours.
Torque was determlned by means of torque wrénches. Due’to the lack of proper facili-
ties, one bpit at a time was rémoved from the conditioning boxes and 1mmed1ately tested
at toom temperature on a vise, It is believed that no apprec1able change in tempera-
ture would take place in testing the bolt by suck ‘means since only a short interval .of
tife is requ1red for the actual testing of torque:,

37. Czcllng——Bolts were subjected to ~650F for a perisd of eloht hours. This was
immediately £ollowed. by subjecting the bolts to an atmosphere of 160 F and 90% R.H. for
16 hours &hd than followed by another € holirs at —-45°F. - This hot-cold treatment was
pe. ormed for six consecutive days., Torque was then determlned at room t.em.pera.t.ure°

38e Vibration--Orie set of bolts was stored at —65°F for 24 hours and a segoend seét
was Stored at 16OCF, 904 R. He, also for a period of 24 hours. Both sets of bolts were
placed on a mechanlcal vibrator, hat¥ing 550 rpm and 3 "eccentric", and wére wvibrated
at room temperaturé for four hours. The bolts stdrteu at —659F or at £160°F, but came
to roém temperature during the vibration. The bolts were tested for torque at room

. 39. Congdition of tests——Unless otherW1se spec1f1ed all bolts were tested abk .
room uemperat.ure° Two: torque wrenches were in use, cne having a capacity of 600 in 1bs
1or the g—lnch—dlameter bolt and the other having a capacity of 600 ft-~1bs for the
l—lnch—ulameter bolts,
Class 2. The 3-inch~diaméter bolts were also of the National Coarse; Class 2 claSSl-

Ticabions . s -

e

B P . e e

o a= oy
I e I L R e

g - o .
i 0 ""‘J\)l R SR
LG TN . . e SNEETIYL LY L A L e
" »
o t

Further, the l-inch-diameter bolts were of the National Goarse,
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Appendix 1 $

Choice and Preparation of Polyester
Thread. Sealers for Ordnédrce Applications

Ch01ce of Comp031tlon

‘Chotce of composltlon.w1ll depend: upon theé torque résistance which is desired.
Tables 10 and 11 shoW the térque values which can be eXpected with 1"~diaméter boilis

and l/2"—d1ameter bolts with 7 different sealer compositiéns. Additional interme-

diate values could be obtained with correqpondlng intermediate compositions. Hewever,
the torgue valués listed are believed to cover relatively well the range that will’
gene;ally be requlred and it is recanmended that some one of thesez 7 compositions be
spec1f1ed whenever possible.

In these tables, the variations shown will 1nclade ‘99% of the values that will
be: .encountered, THese predlctlons are based on a statistical analysis, this enalys;s
being dependent on the distribution as expréssed by the standard deviation. Since ‘the
number of samples available were relatively small, and since the method of statistical

-analysis -employed did not include a .actor for con51stent trends, the predlcted

variations are overly large 1£ anything and would not be expected in any case to be

found subsequently to be snaller than should have beén predicted.

-Preparation,ofiSealeq_

The sealer edmpqsition=wi¢l consist .of poljester resin to which catalyst has beeq

added to which plasticizer may have been added. The polyester should bé weighed with

an accuracy of £ 1% of the weight jnvolved, and the catalyst and plasticizer $hould be
weighed with an accuracy of £ 5% of the welghb involved. The plasticizer and catalyst
can be addeéd to thé. polyester and all three then mized. Mixing should be sufficient to
sécure uniform dlstrlbu*lon of both plast1c1zer and catalyst throughout the whole.

| Application of Seeler

‘The datalyzed compesition is .applied to threaded parts by brush or by dipping the

end of the bolt in a container of the thread seating comp051tlon. In either case the

comp051t10n is applled'to the bolt only.
Curing | |
Pblyester A will hefdeﬁ withir zuproximately 4 - ¢ hours at 77°F,
Polyesﬁer B will harden within approximately 8:7 lQ,hours at 776Fa

Preeaunlons

(a) Rire Hozard: In connectlon. w1th the original polyester or the sealing sompo-
sition after combining polyester, plast1c1zer, and catalyst the fire hazard involved
is, about the same as for an equal guantity of paint, and precautions should be taken
as would be taken for paint in equal quantlty and under similar condltlons of applica-

tion,
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The catalyst is an organic peroxide which may detonate if it catches tire,

o Accordingly, the catalyst should be stored in small quantities and should be especially
I; protected from open flames or other igniting agenLSsSuch as réd hot wires. After addi-
i tion to the sealing composition, the catalyst is so diluted that it no longer consti-
tutes a special hazard, and it does not ineréase the hazard of the mixture appreciably.
Durlng curlng, the: peroxlde is entirely consumed and therefore dlsappears.

{53 Yentil +*Ar-—AlthoL5h polyesters have a moderately strong odor which is found
by &ome persons to be seriously objectionable; the materials are not espet¢ially toxic.
Ventxlatlon equal to that when the same amount of paint is used zhould bé adequate. |

{¢). Dermatitis-— Although. polyesters have an odor, polyesters have not been found

: to cause dermatitis in general, even among operators who have thelr hands 1n the mate_r'ialI

i | much of r,he time. ACCOI‘ang.Ly, p.[oo_liéms resulting from ucuxmu.l.u.:.a shoudd: fiot beé -ex= !

pected. However, it must bé remembered that exposure to. organlc vapors or to volatile

liquids constitutes .abnormal exposure for the human skln, and, accordingly, it should: be :

expected that an occasional persén will be encountered who may have a more or less ad- .
verse reaction to these sealers.

Peroxides are stirong ox1d1z1ng agents ' capable of causing ‘severe burns to the
unprotected skin. Accordingly, contact of skln with undiluted catalyst should be
avoided.

Pot.Life of Catalyzed Resin

The working life of Polyester A after mixing is approximately 2 - 3 hours at room
temperaiure. For Polyester B under similar conditions, working life is apjproximately
2% to 3% hours. After this tlme, the sealer composition. bécomes too viscous for satis-
b factory spreading.

.Gleaningjof Utensils

. Polyesters -can be dissolved in most of the common hydrocarbon.solvents such as

: ~ toluené, benzene, acetone, etc, providing the resin has not gone beyond the gel stage.
On the other hand, the cured, hard sealer is unaffected by any solvents. The hardened
material. is normally removed from its container by freezing. The resin contracts. con-
siderably during the freezing and can ofteh be removed 'simply by inveroing the container,

'

Storagereonditions

, Bven without the catalysts added, the polyesters will gradually polymerize at room
T temperatures. and, after about 6-8 moniths &t 75°F, will become too viscous for convenient
use, Accordlngly, it is preferable to store the polyesters at about 35°F or lower,

. The catalyst itself is subject to sl.ow decomp031tlon at room'temperature and,
L. after about 3 months at 75°F this deﬂomp051tlon will “have seriously reduced the strength
s and activity of the catalysto Accordingly, it is preferable to store the catalyst at
. 359F or lower.
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TABLE 1

Effect of}type of,polyesterménf§9pgue at,room‘tempéfature

(a) Polyester A

‘ o 1" dia bolts. &7 aia bolts.
. 5 ~ /’ '

Baiiple No,  Torgue: £t,~1bs.

‘Sample No,-  Torque ft.~1bsy

50
60
55
. 55
55

L60

170
"4k
420

K70,

./ k50

i

i

¢ 1
RNV
O\t £ 13- B =+

Average LT Avérage ' 56

X'— (b) Polyester-B o .
' 1% dia bolts i dia bolts

P , Sarniple No. Torgue ft. lbs. Sample No. ‘Torque ft.~1bs;
Fo 1 220 1 3L

) > 270 2 31

3 220 3 1 32

I b 300 L 32

2 5 250 5

| Average 243 | ‘ Average .32
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% - =
“ il ) Effect :of Catalvst Concentrabion
| Tested at Room Temrerature on l" D.La. Bolts
| n .
A (a) Polyester A -
g Torque, Ft-lbs
| = ,
| " % by wt. of
‘ ‘ Lupersol DDM Sample I Sample 2 Sample 3 Sample Iy Sample 5. Average Torgue Ft‘—-lbs
A 0.5 400 400, 400
L 2.0 30 - 400 285
| 2.0 450 450 150
r 2330 L40 410 25
A
: (b): Polyester B
i -4 by wt of
: Luperso'l DDM S Jle 1 Sample 2 Sample 3 Sample Ay Sample 5 Avnra . Torquée Ft.zlbs
. 0425, 230: .250 , 270 - 250
i 0.5 290 300 200 _ 200 270 252 -
k. 1.0 ‘270 320 L 295 .
i 2,0 260 270 250 , 250 230 252
3 :_ 3.0 270 300 : 285
! 4.0 210 250 240 233
\ TABLE 3.
B
" Polyestefs plus Polybutadiéene (PBD) - |
! ) Tested on l" Dié& Bolt
_ - . Torque, ft—lbs
& (a) Polyester B . |
: % by wt PBD Sample l Sample 2 Sample 3 Sample h Average ’J.‘orque F’c. ~lbs
| e )
— 1 140 iy (o '200 ‘ 170
| 5 .80 70 80 77
RSN 10 ' 60 60~ - 50 57
oo 1B 15 20 - 20 : 18
Foa 20 j .20 10 - 30 _ 20
:ii‘li:;-:- - (b). Polyester A
s ' - o
S 1 - . 250 300 270 73
£ ) . 160 . 180 . 70 170
oo 10 140 100 100 _ 113
- 15 50 80 o . ) 65
- 20 50 40 . 60 50
i
= E e I ‘ e - LI N .
3 - / P ‘!"‘ < \ B *\ \" e \\%f




TABLEju

Polyéstérs Pris Polybutadiene (PBD)
Tested on #" Dia Bolts

ta) Polyester B

iorqgé;,‘ In ~Ibs

'.%‘ by Wt Average Torqué

PED_ Sample i Sample 2 Sample 3 Sample 4 . ficlbe

j

-
wn

X 215 100 65 125
©5 . 80 ) 55 o
10 35 35 35 50
15 .30 20 L5 A5
20 10 10 15 35

| b) Polyester A

1 315 325 375

5 295 225 230
10 150 150 75 2060
15. 75 50 - 70 85
20 25 60 25 30
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126 -

338
243
14k
70
35
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- TABLE 6 <
Vlbrat...on
Tested S 1" bolt~= _
a) —-65 Im’t:.aJ Tempergture :
‘Tc'n",qu? Ft=1bs . Control i
; o : (not ‘vibrated)
, ’Resru' 8 xupOoltlu. A 2. -2 b Aarg T obgus Fh-1bs. Av. Torgue. Et-Bs!
i . =
i 'Polyester A 310 500. 525 141;5 L5k
‘ Polyester-B ) 250 300 210 253 243
Polyédter B ,é 10% DMP 120 150 120 130 121
‘ Polyester B £ 103 PBD 30 4B 20 30 - 57 !
! (b) £160°F ._:nnwiql'Tqmpé:@af,qr_é
‘Polyester A 310 450 500 420 L5l
, Polyester B - 300 330 250 293 243
- Polyester B £ 10% DMP 10 1o 130 113 121
,'.Polyester B # 10% PBD 30 20 4b 30 sl .
: TABLE 7
" ~ Cycling
¢ Tested on 1" dia bolts
P — T T
g .+ Térque Ftrlbs i
2 E — - -
Resin :Composition 1 2 3 Average Torque Ft=lbs
- Polyestér A 510 490, . 480 493
o Polyester B 230 220 . 210 220
. Polyester B 4 10% DMP 150, 150 100 133
iy Polyester B £ 10% PBD 50 70 - 50 57
3 ; ” |
1 P
Co
S = , T ,
G - / :r"." o \ e (‘ Y'\? ,‘(‘:




% 350
1 460

(bj‘?élyester B
% 260

I - 250

(a) Polyester B
% by wt.
__E___I_s_o__’.___-];__

3T 260

> 200

10 100

20 50

- {b) Foljester A
I 510

5 . 450

1o 400

-~

GIS
C W60

250

280

330
190
100

20

430

420

390

LA AT T
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TABLE 8
Polyester Plus Carbcn Black
. Tedted on 1 dia bolts. .
,Torqge-Etflbs
(a)_Polyester A
C %e . % 2 3 Averag:

,300 270
B0 267

TABLE 9 -

Polyesner Plus Ethyl Lactate (BE.L.)
Teshed on l" dla bolts

Torque Fit+lbs

250- ’ 293
lho' 176
110 < / , 103
20 | o 21

140 o 1450
360 P S 1)
3% . .

3 Aversge Torque Ficlbs

T

ot
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TABLE 10

| Torque for 1" diameter, Class 2, Natiohal Coarsé Bolts (B/A" Enganement)
Tor¢que (ft<lbs) at.
6508 _AT79F ALB09F

ﬁﬁ‘si@iﬁq;dffSeaigp
Polyester & (rigid type) D550l 450 £40 425 £ 80

| Polyester B (flexible type) - > 550k 350 £ 90 95 £ 15

-1 199:1) :
" (95:5) . 3501 170 £110 45 £ 207

P | " (75:25) =2 5411 25412
¥ . "
P

- Polycgter B/dimethyl phthalate approx. AOQI . 180 £ 50 65 £ 40

'lAvéilable datg not. susceptible to statistical analysis.
. éﬁo.ddtg aﬁailaﬁie. |
- R - ,
I | TABLE 11 )
; , ‘Tongﬁe,for 1/2% diameter, Class 2, National Coarse Bblts’CB/S" Engagement)

| L . . . Torque {ft=Ihs) at
© |+ - Gonposition of Sealer o ~65%F _L17%F. ‘£160-°F

Lo ,: T _ .

f L Polyester A (rigid type) 350 55410 4042
L Polyester B (flexible type) >s50t 30 £ 2 TL£25
S Polyester B/dimethyl phthalate 45 £ 30 28 ,5 20 6.5 £ 2.5

PR (99:I). \ . _
| ‘ (95:5) - 50 £ 46 16t ut
W (90:10) D s 425 1l 2

[ e t:’. t;t_' ' ('85215) L,_Ql . 8‘1 21

[ o (75:25) WA 541 - -

=

-

?lAvailable data not suscgptible»tofstatistical.analysgs,

2No,data available,
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